Background: The development of an alternative medicine to treat atopic dermatitis
causes of AD may be explained by 2 hypotheses: the inside-outside and outside-inside hypotheses 8 and both hypotheses are related to the collapse of the human skin immune system for various reasons, including environmental, social, mental, and dietary. 9, 10 Eventually, AD manifests as a human skin dysfunction characterized by dryness, hardness, and thinness with age. Moreover, the number of younger atopic patients is increasing due to environmental stress and eating too much fast food, etc. 11 The correlation between AD and the dysfunction of the human skin barrier has attracted great interest, and it has been recently suggested that skin barrier dysfunction could be an early symptom of AD. 10, 12, 13 So far, emollients and various types of moisturizers have been used for treating AD as dryness of skin is first recognized symptom of AD, and topical therapy with ceramide has most been employed for maintaining water hydration on the skin. 14, 15 However, recently, the differentiation and/or proliferation of human keratinocytes has been considered to be more important factor because AD is primarily caused by a defective keratinocyte reaction with internal and external immunological changes of the epidermal layers. 16 Therefore, it is very important to maintain the keratinocytes well with dermatitis.
Scutellaria baicalensis GEOGI is one of many medicinal plants that could be a natural candidate to treat AD as the plant contains large amounts of flavonoids such as baicalin, baicalein, and wogonin. [17] [18] [19] In general, flavonoids are well-known strong natural antioxidants and could play an important role in preventing skin barrier dysfunctions. 20, 21 Moreover, this traditional medicinal plant has been used for its anti-inflammatory, antipyretic, antibacterial, and diuretic effects 17, 19 but has not been studied for the treatment or control of AD. However, some obstacles to the development of medicinal plants as cosmetics have arisen, since some active ingredients in plants are heat sensitive and hard to extract because of plant cell walls and stems. Harsh extraction conditions such as hot water and/or hightemperature ethanol extraction and a longer extraction time are sometimes necessary. 22 However, lactic acid fermentation could be an alternative process to overcome this difficulty because in general, fermentation processes have been shown to improve the extraction yields from many plants under relatively mild extraction conditions such as low temperature and a shorter process time. 23 Moreover, lactic acid fermentation could also extract more active substances than simple conventional extraction processes, which result in synergistic effects by many active components arising from fermentation. Therefore, in this study, lactic acid fermentation by S. baicalensis is employed to show that the extracts could prevent human skin barrier dysfunction by regulating both keratinocyte growth and proliferation and could eventually help relieve AD by the use of S. baicalensis, which has not been used for this purpose to date. and condensed using a rotary vacuum evaporator (Eyela, Tokyo, Japan). The extracts were subsequently freeze-dried using a lyophilizer (IlShin co., Seoul, Korea) before use.
| MATERIALS AND METHODS

| Cell cultures and sample preparation
For the lactic acid fermentation, 5% (v/v) of 1 9 10 9 cells/mL of Lactobacillus plantarum isolated from the fermented cabbage known as Kimchi was inoculated into MRS culture medium with 10% (w/v) of ground S. baicalensis and grown in a 1-L jar (Korea Biotech., Seoul, Korea) for 7 days at 37°C and 120 rpm. After cultivation, the culture broth was filtered with a vacuum filter through 20-to 25-lm filter paper (Whatman), and the filtrates were extracted with 70% ethanol at 80°C for 12 hours. Then, the extract was filtered again through the filter paper, condensed, and freeze-dried (FE), similar to the preparation of the other 2 extracts (ie, HW and EE). All of the extracts were stored at À20°C before use.
| Measurement of total polyphenol and flavonoid content in the extracts
The following methods were used to determine the amounts of total phenolic acids in WE, EE, and FE; 24 6 mL of each extract and 1 mL of Folin reagent were mixed and allowed to stand for 3 minutes.
Next, 1 mL of 10% Na 2 CO 3 was added to the tube and again allowed to stand for 1 hour at room temperature. The optical density of the extracts was subsequently measured at a wavelength of 700 nm, and the phenol content was quantified with a standard curve using gallic acid as the standard.
To estimate the total flavonoids, 200 lL of each extract, 2 mL of diethylene glycol, and 200 lL of 1 N NaOH were mixed in a tube and allowed to react for 1 hour in a 37°C water bath. After the reaction, the absorbance of extract at a wavelength of 420 nm was measured with a UV spectrometer, and the amount of total flavonoids in the extract was estimated by comparing with a calibration curve made with rutin as the standard. was separated using TRIzol reagent (Invitrogen, USA), and cDNA was synthesized using 2 lg of the RNA, a random primer, and a PrimeScript 1st strand cDNA Synthesis Kit (Takara Bio, Japan).
Real-time PCR (AB7500, Biorad, USA) with SYBR Green Real time PCR Master Mix (Takara) was used to quantitate the expression of cell differentiation related the genes in the synthesized cDNA. The conditions for gene amplification were 30 seconds at 94°C, 30 seconds at 61°C, and 30 seconds at 72°C (40 cycles). 16, 27, 28 The primers of the genes related to keratinocyte differentiation such as keratin 10, involucrin, and transglutaminase-1 are described in Table 1 . factor (KGF, Sigma) as positive controls was also added in each 96-well plate, and the plates were cultured in a 5% CO 2 incubator at 37°C for 7 days. Each day, the viable cell number in each 96-well plate was determined with 1% trypan blue dye solution in a hemocytometer under an inverted microscope, followed by the trypan dye exclusion method. 29 Keratinocyte proliferation was expressed as the increase in the viable cell number with cultivation time after treatment with each extract (HW, EE, and FE). 
| Statistical analysis
All of the experiments were carried out at least 3 times. The means of the data and significant differences among the samples were evaluated by one way ANOVA program (SAS Institute, Cary, NC, USA).
T A B L E 1 Primer sequences of 3 genes related to keratinocyte differentiation
Gene Primer Sequence 
| DPPH radical scavenging activities of the extracts
The results in Table 2 and Figure 1 lead to expect that the fermented extracts must have good antioxidant activity because of an appreciable amount of polyphenols and baicalein. As shown in This result could imply that FE could accelerate the keratinocyte differentiation during the initial phase and maintain similar activity during later phases, which could prolong keratinocyte differentiation.
However, the other extracts did not increase the expression of all 3 genes much as the extract concentration increased and was the reason that WE and EE did not seem to improve the gene expression for all the ranges of the treatments. In addition to the effects of the extract concentration on keratinocyte differentiation, Figure 4 shows These results would imply that the fermented extracts could selectively up-regulate the genes, not all at once, and cause sequential keratinocyte differentiation.
| Proliferation of the keratinocytes and the collagen production
In general, the loss of proliferation potential is known to be closely related to the initiation of keratinocyte differentiation. 16 As a human ages, while the epidermal differentiation continues, and this decrease in keratinocyte differentiation critically reduces the dermal tissue thickness and caused skin barrier dysfunctions. Decreased keratinocyte differentiation could also be manifested as atopic dermatitis. Therefore, the growth of keratinocyte should also be important in the mechanism controlling skin barrier dysfunctions as well as differentiation. The values shown are the gene expression (fold) AE SD. Significance difference was set to *P < .05, **P < .01, and ***P < .001
barrier dysfunctions by the enhancement of keratinocyte differentiation could also be associated with the reduction of the decrease in epidermal connective tissue and increase collagen and elastin production. 40 Table 3 shows the increase in collagen production in
HaCaT cells when the extracts were added. The FE also stimulated the highest collagen production in human fibroblasts as 80.42 ng/ mL, compared to 63.29 ng/mL and 24.28 ng/mL for WE and EE,
respectively. The addition of 30 lmol/L of baicalein also enhanced the production of collagen up to 70.38 ng/mL; however, its production was lower than that of FE containing similar amounts of baicalein, possibly due to synergistic effects of various flavonoids in the FE as also shown in Table 2 . All of these results are consistent with the highest enhancement activity for both keratinocyte differentiation and proliferation of FE and the increase in collagen production in fibroblasts. Therefore, the results of this work strongly indicate that high antioxidant activity of the extracts associated with lactic acid fermentation could be closely correlated with improving skin barrier dysfunction and that the extracts could be employed to treat atopic dermatitis, as might be indicated by further investigation in skin clinical trials.
| DISCUSSION
Recently, there has been more research aimed at understanding human skin barrier dysfunction; the approach detailed herein would be considered an alternative of treating atopic dermatitis as well in skin immunity studies. Skin barrier dysfunction has been found to be mostly related to decreased keratinocyte differentiation with age. In addition to decreased keratinocyte differentiation, greater dermal connective tissue reduction could also be a main cause of atopic dermatitis and other age-related skin problems. However, comprehensive studies have not been reported to have simultaneous effects of the natural products on both differentiation and proliferation of keratinocytes. If possible, it could be more effective in treating atopic dermatitis and be an alternative therapy. Therefore, the present study first showed that human keratinocytes could be differentiated as well as proliferated by the extracts through the fermentation of a medicinal plant, S. baicalensis. Moreover, it was very interesting that the fermented extract (FE) could selectively up-regulate gene expression greatly enhancing the involucrin gene rather than the TG-1 gene while 2 other extracts (WE and EE) were not associated with differences in gene expression. This result provides evidence that baicalein and other components in the extracts might cause sequential differentiation of keratinocytes rather than all at once, which should be very important in clinical trials for better efficacy and shorter treatment duration with skin medicines. Moreover, this extract also stimulated collagen production in fibroblasts, which should help to maintain a high extracellular matrix (ECM) in the skin.
It was also first found that baicalein, a major flavonoid in S. baicalensis, had an ability of improving the differentiation of keratinocytes
Comparison of the expression of 3 different genes with treatment with 1.0 mg/mL of extract, 30 lmol/L of baicalein, and 0.1 lmol/L of dexamethasone. WE, water extract; EE, ethanol extract; FE, fermented extract. The values shown are the gene expression (fold) AE SD. Significance difference was set to *P < .05, **P < .01, and ***P < .001
The cell growth of human keratinocytes with 1.0 mg/ mL of extracts, 30 lmol/L of baicalein, and 10 ng/mL of keratinocyte growth factor according to cultivation time. WE, water extract; EE, ethanol extract; FE, fermented extract. The values shown are the cell growth AE SD. Significance difference was set to *P < .05, **P < .01, and ***P < .00 We showed that lactic acid fermentation of S. baicalensis greatly increased the amounts of polyphenols in the plant extract, especially baicalein, which resulted in higher antioxidant activity than the extracts produced by other conventional extraction processes. This result also showed that there must be a strong correlation between antioxidant activity and keratinocyte differentiation. This study was the first to report that a fermented extract could enhance involucrin expression rather than TG-1 expression in a concentration-dependent manner while the other extracts did not show much difference.
This finding could imply that fermented extracts play a greater role in accelerating keratinocyte differentiation rather than initiating differentiation in the early phase. It was also promising that the extract improved keratinocyte proliferation as well as collagen production in fibroblasts because this synergic effect should help to minimize skin barrier dysfunctions and eventually be applied as an atopic dermati- 
| CONCLUSION
It was shown that lactic acid fermentation of S. baicalensis greatly increased the amounts of various flavonoids and especially baicalein in the extract and which resulted in having higher antioxidant activities than the extracts from other conventional extraction processes.
The extract from this process proved to have simultaneous effects of enhancing both differentiation and proliferation of keratinocytes, which could be strongly correlated with its antioxidant activities and skin barrier dysfunctions. In this work, it was first found that the fer- 
